radiation for lymphoma, cervical cancer, testicular tumor, or breast cancer. However, the benefits of radiotherapy in such circumstances outweigh the minimally increased 12 risk of sarcoma. Chronic lymphedema-associated angiosarcoma (Stewart-Treves syndrome) usually occurs as a rare complication of treatment for breast cancer. Some genetic disorders are associated with soft-tissue sarcomas. For example, neurofibromatosis type 1 carries a 10 percent lifetime risk of malignant tumors of the peripheral-nerve sheath. Children with hereditary retinoblastoma (owing to a germ-line mutation in the RB1 tumor-suppressor gene) face an exceptionally high risk of osteosarcoma and soft-tissue sarcoma, which is further increased by the receipt of radiotherapy. 13 Sarcoma has also been reported in patients with the Li-Fraumeni syndrome, which is caused by a germ-line mutation in the p53 tumorsuppressor gene. 14 The clinical symptoms accompanying the diagnosis of soft-tissue sarcoma are nonspecific. The most common finding at presentation is a painless, gradually enlarging mass. The size of the tumor at diagnosis varies according to the site; tumors of the distal limbs and head or neck are usually smaller because they are likely to be noticed earlier, whereas tumors of the thigh and retroperitoneum may become huge before they are detected. Soft-tissue sarcomas expand in a spherical fashion but infiltrate the tumor pseudocapsule and, occasionally, adjacent structures. Accordingly, patients with these tumors may present with site-dependent symptoms of increased pressure, such as paresthesia, distal edema, or bladder symptoms.
The growth rate of soft-tissue sarcomas varies with the aggressiveness of the tumor. Low-grade tumors may evolve over a long period and may be mistaken for benign tumors, especially lipomas. Such a mistake may delay referral to a specialist center. 15 Indeed, the identification of soft-tissue sarcoma relies on clinical examination, imaging, and histologic analysis. Examination and imaging can be used to define the tumor's relationship to surrounding structures.
Plain radiographs may be used to rule out bone neoplasms and detect calcifications characteristic of soft-tissue osteosarcoma or synovial sarcoma. A chest radiograph is essential, though preoperative computed tomography (CT) of the thorax is preferable for detecting metastases. CT and magnetic resonance imaging (MRI) are used to image the primary tumor; neither offers an overall advantage. 16 CT is usually performed to identify intraabdominal tumors, such as liposarcoma, the most common retroperitoneal tumor. The multiplanar images and better anatomical definition possible with the use of MRI are its key advantages; this approach is preferred for the diagnosis of soft-tissue sarcoma of the limbs. Advances in these two approaches now permit faster acquisition of images and better spatial resolution. 17 Dynamic gadolinium-enhanced MRI can be used to identify early enhancement of viable tumor tissue as compared with surrounding reactive tissues. Additional imaging approaches offer future promise. A recent meta-analysis of the results of positron-emission tomography (PET) with fludeoxyglucose F 18 concluded that routine use is currently unjustified. 18 Combining functional information obtained from PET with anatomical detail from CT 19 or MRI 20 may increase the usefulness of these techniques. Magnetic resonance spectroscopy may be useful in some circumstances, such as when one is assessing a patient's response to chemotherapy when resection has not been performed. 21 With few exceptions, histologic examination of a tumor specimen is required before treatment is initiated. Percutaneous core needle biopsy is safe and effective 22, 23 and can be performed with the use of local anesthesia on an outpatient basis for palpable tumors of the arms and legs. The biopsy site should be chosen so that it will lie within the area of a possible subsequent en bloc resection of the tumor. The subtype and grade of the tumor can be determined in 80 percent of core needle biopsies, 22, 23 and pathologists experienced in examining soft-tisclinical features, role of imaging, and diagnosis sue sarcomas have a diagnostic accuracy of 95 to 99 percent. So-called small round-cell tumors (embryonal rhabdomyosarcoma, Ewing's sarcomas, and lymphoma) can be identified by needle biopsies, permitting nonsurgical induction therapy (Fig. 1) . Currently, incisional biopsy is less common than needle biopsy at many centers. In the hands of a nonexpert, incisional biopsies have a higher rate of complications than core needle biopsies 2 and thus should be performed only in exceptional circumstances, ideally by the surgeon planning the definitive resection. Cytologic analysis of fine-needle aspirates alone can be used to diagnose recurrent tumor 24 or nodal metastases. Regardless of how biopsy material is obtained, the specimen is best evaluated by a pathologist specializing in soft-tissue diseases. 2, 25 If imaging suggests that a retroperitoneal tumor is most likely a resectable soft-tissue sarcoma (Fig.  2) , biopsy should not be performed, given the potential for transperitoneal spread and track implantation. 26 Exceptions include suspected lymphoma or germ-cell tumors, which usually appear as paracaval or paraaortic masses on CT, and masses tentatively identified as sarcomas for which preoperative chemotherapy or radiotherapy is contemplated. A biopsy should be considered if a gastrointestinal stromal tumor is suspected on radiologic grounds, 27 if metastatic disease is suspected, or if the tumor is unresectable.
The World Health Organization 28 has defined approximately 50 tumor subtypes relevant to soft-tissue sarcomas; these are named largely according to the tissue they most closely resemble. A three-step grading system devised by the French Federation of Cancer Centers Sarcoma Group 29 is widely used and takes into account the degree of differentiation, the mitotic count, and the extent of necrosis. Fourstep grading systems are also in use. 30 It is difficult to grade tumors previously treated with radiotherapy or chemotherapy and recurrent tumors.
Determining the stage of a tumor allows physicians to estimate the prognosis. The staging system devised by the American Joint Committee on Cancer (AJCC) and the International Union against Cancer (UICC) (Fig. 3) 30 combines the most important determinants of survival in localized soft-tissue sarcomas of the limbs: the grade, depth, and size of the tumor. Large series confirm that grade and size are of similar prognostic importance. 31, 32 Five-year survival rates for stages I, II, III, and IV are approximately 90, 70, 50, and 10 to 20 percent, respectively, and are further modified by the type and site of the tumor and other factors. 33 Prognostic algorithms derived from large databases can be used to provide longer-term survival estimates. 34 The use of conventional staging systems for retroperitoneal tumors is less accurate prognostically, but a method based on grade, the completeness of resection, and the presence or absence of metastases can be used to identify groups with different outcomes. 5 Other risk factors are relevant to certain tumors; for example, tumor size and mitotic count are used to assess risk in cases of localized gastrointestinal stromal tumors. 35 The classification and characterization of softtissue sarcomas have evolved as the information supplied by histologic analysis has been supplemented with that provided by immunohistochemical analysis and with an improved understanding of the underlying genetic changes. Identification techniques are increasingly applicable to formalin-fixed, paraffin-embedded material. Genetic aberrations have been described in many soft-tissue tumors and help identify tumors that were previously difficult to classify, especially pleomorphic soft-tissue sarcomas. 36 Aberrations can be hereditary or acquired. 14,37-39 Consistent, specific translocations resulting in new fusion genes characterize some sarcomas (Table 2) . Genetic information can facilitate the diagnosis (especially in the case of small pathological features round-cell tumors), confirm relationships between morphologic subtypes, and predict the behavior of specific sarcomas beyond that provided by the general features of grade, size, and depth. 40 One emerging application is mutational analysis of gastrointestinal stromal tumors, in which mutations in the KIT gene appear to have a major effect on treatment response and survival. 41 Emerging gene-array and proteomic techniques are being applied to identify potential treatment targets, which may help to individualize therapy. 42, 43 Surgery -supplemented when necessary by adjuvant radiotherapy -is often curative for localized soft-tissue sarcomas. As already discussed, treatment is best planned in a multidisciplinary setting, which facilitates consideration of the need for preoperative induction treatment, discussion of reconstructive strategies, and planning for rehabilitation. This assessment should include histologic review by an expert on soft-tissue sarcoma to verify or alter the classification or grade of the tumor 25 ; a change in the grade or class may necessitate a change in the treatment plan.
Although local treatment of primary soft-tissue sarcoma of the limbs influences the likelihood of local recurrence, limb salvage, and functional outcome, the metastatic potential is mainly determined by the grade and size of the primary tumor. There is little evidence that local recurrence increases the likelihood of metastatic spread, although debate on this point continues. 32, 44 Except for rhabdomyosarcomas and Ewing's sarcomas, the use of adjuvant chemotherapy generally does little to influence the natural history of the disease.
surgery
Surgical resection involving wide margins, with or without radiotherapy, offers the best chance of cure in the absence of metastatic disease. The operation should be planned by an experienced surgical team after careful study of the scans. Because soft-tissue sarcoma can occur at any site, every operation will be different, though common surgical oncologic principles prevail.
Because soft-tissue sarcomas expand spherically and along tissue planes, their centrifugal growth creates a false capsule, or pseudocapsule, of com- pressed surrounding tissue. Malignant cells penetrate this pseudocapsule. 45 Simple removal of visible tumor in this plane leaves microscopic disease in situ, and 90 percent of tumors recur unless there is further treatment. Over 30 percent will recur even after further excision of the tumor bed, 46 and the subsequent use of radiotherapy does not compensate for the presence of unplanned positive histologic margins. 47 (In contrast, leaving a carefully considered positive margin adjacent to a critical structure to facilitate limb preservation results in rates of local recurrence of only approximately 4 percent when planned irradiation is carried out. 46 ) Thus, the goal of surgery is to resect the tumor with wide (2 to 3 cm) margins when possible, removing at least one uninvolved tissue plane circumferentially.
Approximately one third of patients with a lowor intermediate-grade tumor and wide resection margins will not require further treatment (including radiotherapy). It is rarely necessary to reconstruct major vessels or to resect major nerves unless they are encased by tumor. However, resection of some major nerves generally results in surprisingly little disability; therefore, resection should be considered if amputation is the alternative. 48 If it is safe from an oncologic perspective, preserving one innervated muscle in any compartment results in better function than a more radical approach. 49 Although tumors are usually smaller in the distal limbs than in the proximal limbs, it is more difficult to preserve function in the distal limbs, especially the forearms and hands. Preoperative induction treatment may reduce the size of tumors of distal limbs and facilitate better functional results.
Amputation is ultimately required in 5 to 10 percent of patients with sarcoma of the limbs, usually after previous limb-salvage operations. 50 In such cases, major amputations (forequarter, hindquarter, or through-hip amputation) are often necessary, because recurrences are generally proximal. Such procedures are tolerated remarkably well and provide excellent local control. 51 The skin is rarely involved in soft-tissue sarcoma and can usually be preserved. Skin and soft-tissue reconstruction is required in 10 to 20 percent of patients and can reduce complications or avert amputation, especially in the case of recurrences in previously irradiated locations. Transposed myocutaneous or fasciocutaneous flaps are commonly used, but it is sometimes necessary to transfer free tissue. In selected cases, early involvement of surgeons with expertise in reconstructive surgery optimizes functional and cosmetic results 52 while preserving reconstruction options. Site-and organspecific lesions are often managed with the help The new england journal of medicine of other specialists, including head-and-neck surgeons, gynecologists, and urologists. Surgery is the mainstay of treatment for soft-tissue sarcomas of the retroperitoneum (15 percent of soft-tissue sarcomas). En bloc resection of adjacent viscera is frequently required, but complete tumor resection (with negative histologic margins) is difficult, owing to the proximity of vital structures. 53 Retroperitoneal sarcoma remains an insidious disease, with a generally inexorable course. Most of these tumors will recur, eventually causing death, underscoring the need for better control. [54] [55] [56] 
radiotherapy
The cytotoxic effects 57 and therapeutic role 58 of radiotherapy in treating soft-tissue sarcomas are well described. Radiotherapy should be considered for high-grade tumors of the limbs (unless margins are very wide) and for intermediate-grade tumors of the limbs with close or positive histologic margins. 44 Radiotherapy has little role in primary low-grade soft-tissue sarcoma, although it should be considered for a recurrence.
Radiotherapy is delivered as either external-beam therapy or brachytherapy. The latter involves the insertion of radioactive "seeds" or wires (usually iridium-192) into surgically placed catheters traversing the tumor bed. Brachytherapy has theoretical advantages postoperatively, given the hypoxic nature of the wound and the radiobiologic characteristics of the inverse-square law (local doses are high, but the dose decreases proportionally with increasing distance from the tumor). These advantages are even more important in patients who have already undergone external-beam radiotherapy. 59 No randomized clinical trial has compared these types of delivery. Not all sites are suitable for brachytherapy, and many units prefer to perform external-beam therapy with its use of standardized fields. Occasionally, both methods are combined -for example, when a large external-beam field is used with a brachytherapy boost to a specific area.
Radiotherapy alone is considered when surgery is inappropriate or declined by the patient; it achieves rates of local control of 30 to 60 percent. 60 More commonly, operative treatment is coupled with adjuvant radiotherapy on the basis of evidence demonstrating similar survival rates after limb-conserving surgery with radiotherapy and after amputation. 44, 61 Optimal timing remains unclear. A lower total dose of radiotherapy (50 Gy) is required when it is delivered preoperatively. Postoperatively, a total of 60 to 66 Gy is usually delivered to maximize killing of hypoxic tumor cells. One trial of external-beam therapy in patients with soft-tissue sarcoma of the limbs demonstrated similar effectiveness whether therapy was administered preoperatively or postoperatively. Functional outcome in the group treated preoperatively was slightly better but was associated with a doubling in the incidence of wound-healing problems. 62 Counterintuitively, delaying postoperative radiotherapy does not significantly worsen the rate of late control of local disease. 63 Because patients with retroperitoneal soft-tissue sarcoma generally die from a local recurrence, improved local control could have a great effect. Postoperative radiotherapy presents particular challenges at this site; large areas generally require irradiation, and the occurrence of side effects in many organs limits the doses. The preoperative 64 or intraoperative 54,56 use of radiotherapy theoretically overcomes these problems, but improvements have been minimal in practice. Enhanced targeting and delivery of radiotherapy with the use of intensity-* The translocations should be read, for example, as follows: t(X;18)(p11.2;q11 .2) is a translocation between chromosomes X and 18 involving the short arm at region 11.2 and the long arm at region 11.2. Whereas the goal of surgery and radiotherapy is local control of the tumor, the aim of chemotherapy is systemic control, which may be therapeutic, adjuvant, or palliative. Although some subtypes of soft-tissue sarcoma are sensitive to chemotherapeutic agents, the outcome of therapeutic chemotherapy is unsatisfactory overall, and the use of adjuvant chemotherapy is controversial. A metaanalysis of adjuvant chemotherapy did not demonstrate an overall survival advantage, although progression-free survival improved. 65 One small study of adjuvant chemotherapy reported a small survival benefit (but an identical rate of metastases) in selected patients with high-grade soft-tissue sarcoma of the limbs treated with an intensive regimen. 66 Small round-cell tumors are treated initially with combination chemotherapy. This approach has dramatically improved overall survival among patients with Ewing's sarcoma, from under 10 percent before the introduction of systemic treatment to greater than 60 percent. The use of local therapy remains important. Radiotherapy alone is inferior to surgery for local control in patients with Ewing's sarcoma. Improved survival is associated with increased rates of surgical intervention. 67 Cyclophosphamide and ifosfamide, vincristine, doxorubicin, dactinomycin, and etoposide have all been used to treat these tumors. 68 Prognosis is predicated on the size, site, and stage of the tumor, and the histologic response to induction chemotherapy is the most important prognostic factor on multivariate analysis -histologic examination of tumors resected after induction therapy showed that necrosis of greater than 90 percent of the tumor confers a significantly better outcome than lesser degrees of necrosis, irrespective of tumor size. 69 Patients with Ewing's sarcoma may benefit from intensive regimens that include ifosfamide. High-dose chemotherapy with salvage of autologous peripheral-blood progenitor cells may be useful and is being compared prospectively with maintenance therapy in a multicenter study in Europe and North America (intensive induction therapy with vincristine, ifosfamide, doxorubicin, and etoposide is followed by high-dose melphalan with busulfan). 70 The use of traditional generic approaches to chemotherapy belies the heterogeneity of soft-tissue sarcomas. Chemosensitivity varies according to the tumor subtype, and the likelihood of a response and survival is further influenced by the tumor grade, the patient's age, performance status, and the timing of metastatic disease. 71 Leiomyosarcoma, for example, responds variably to conventional chemotherapy, depending on the site and grade of the tumor. Uterine leiomyosarcoma is particularly aggressive, but it may respond to high-dose gemcitabine with docetaxel. 72 Facial and scalp angiosarcoma may respond to paclitaxel, 73 and taxanes may have broader utility against angiosarcomas at other sites. A pegylated liposomal formulation of doxorubicin (with reduced toxicity) 74 has also been reported to be active against angiosarcomas. 75 Chemotherapy is palliative for most patients with unresectable or metastatic disease. Ifosfamide and doxorubicin are routinely used in this setting; doxorubicin as a single agent is considered the drug of choice. Recent studies have reevaluated ifosfamide dosing, 76 and high-dose ifosfamide with doxorubicin is commonly used for younger patients with aggressive tumors; response rates of approximately 50 to 60 percent have been reported. 77 It remains unclear whether this approach improves survival, which is on the order of 12 months in this situation. 71 Trabectidin (Yondelis, PharmaMar), a natural product from the marine tunicate Ecteinascidia turbinata that selectively inhibits DNA transcription, 78 is a new agent that has shown some activity in advanced disease refractory to conventional cytotoxic drugs. It appears to induce a low rate of objective remission (4 percent) but a high rate of disease stabilization (a 24 percent rate of progression-free survival at six months), though it is moderately toxic. 79 
targeted molecular therapy
Encouraging progress is occurring with the use of therapies directed against specific molecular targets associated with soft-tissue sarcoma. Gastrointestinal stromal tumor, the best-known example, is largely driven by activating mutations in the protooncogene KIT, a receptor tyrosine kinase, as reported by Hirota et al. in 1998 . 80 Immunohistochemical detection of the resultant protein, KIT, is a reliable means of identifying this tumor. 81 The protein tyrosine kinase inhibitor imatinib is the treatment of choice for advanced inoperable or metastatic gastrointestinal stromal tumor, and its role in the preoperative and adjuvant setting is under evaluation. Trials have defined side-effect profiles, 82 response rates (more than 60 percent), 83 and dose-response relationships. One trial comparing daily doses of 400 mg and 800 mg suggests that the higher dose improves progression-free survival and that patients whose disease progresses during treatment with the lower dose may have a response to the higher dose. 84 The specific molecular alteration in gastrointestinal stromal tumors is a critical determinant of response. Mutations in exon 11 of c-KIT (coding for the intracellular juxtamembrane domain) account for nearly 70 percent of cases and are associated with a rate of response to imatinib of 85 percent (Table 3) . However, imatinib is less effective in tumors without KIT mutations or other mutations. 41 Activating mutations in the platelet-derived growth factor receptor a (PDGFRA) gene may also drive gastrointestinal stromal tumors. 85 Since PDGFRA is also an imatinib substrate, some tumors without KIT mutations respond to imatinib, owing to the inhibition of PDGFRA. However, unlike KIT mutations, most PDGFRA-activating mutations occur in the kinase domain, and such mutations are unresponsive to imatinib. 41 Other subtypes of soft-tissue sarcoma with specific molecular targets have been identified. Dermatofibrosarcoma protuberans and the related giant-cell fibrosarcoma are driven by a translocation causing fusion of the collagen I type 1a (COL1A1) and platelet-derived growth factor b (PDGFB) genes ( Table 2 ). The resultant fusion protein is processed to functional PDGFB. 86 Since imatinib inhibits the receptor of PDGFB, it can be effective in the treatment of dermatofibrosarcoma protuberans 87 ; this agent might be useful for patients with locally recurrent inoperable disease or metastatic spread.
Synovial sarcoma is associated with a translocation resulting in fusion of the synovial sarcoma genes SYT and SSX1 or SSX2, 40 with the fusion protein capable of acting as a transcriptional regulator. Synovial sarcomas may express epidermal growth factor receptors, 88, 89 and the epidermal growth factor receptor inhibitor gefitinib is currently being evaluated in a phase 2 trial of patients with synovial sarcoma conducted by the European Organization for Research and Treatment of Cancer (EORTC).
Angiogenesis is a potential therapeutic target. Soft-tissue sarcomas express vascular endothelial growth factor. 90 The efficacy of a vascular endothelial growth factor-neutralizing antibody (bevacizumab) in other tumors 91, 92 raises the possibility that the angiogenic process could also be inhibited in sarcomas. One current National Cancer Institute trial (03-C-0110) is evaluating bevacizumab in patients with Kaposi's sarcoma, and the EORTC is setting up clinical studies of inhibitors of vascular endothelial growth factor receptor tyrosine kinase in other sarcomas.
follow-up
Post-treatment surveillance (by means of clinical examination and chest radiography or CT) is recommended to detect treatable recurrence and metastasis. 93 Recurrence rates of 5 to 10 percent might be expected after optimal treatment of soft-tissue sarcomas of the limbs. The utility of CT and MRI for detecting subclinical local recurrence has not been established, but these approaches may be more useful for detecting deep lesions. Since two thirds of recurrences occur within two years, 33 follow-up should be most intense during this period.
Planned post-treatment surveillance enables rapid enlistment of palliative options in patients with incurable disease. However, there is little evidence that early detection of recurrence has a major influence on survival. For every patient whose life is saved by amputation, pulmonary metastasectomy, or aggressive chemotherapy, many others undergo ultimately futile therapies with little benefit -patients need appropriate information from their clinicians in order to choose the best treatment options. Issues related to the quality of life deserve careful consideration. 94 
options for advanced disease
All three major approaches to treatment -systemic chemotherapy, radiotherapy, and surgery -may prove useful in patients with advanced disease, de- pending on the circumstances. Systemic chemotherapy has a palliative role, as was discussed earlier. Radiotherapy may provide substantial control of symptoms, particularly for patients with inoperable localized symptomatic disease. Surgery with a goal of limb salvage is useful for locally recurrent disease. Reconstruction is more frequently needed in this setting. Amputation should be considered in patients with advanced disease, if severe pain, fungation, or bleeding is present. Nodal metastasis occurs in only 1 to 5 percent of patients with soft-tissue sarcoma, most frequently in those with epithelioid sarcoma or rhabdomyosarcoma. 95 Nodal involvement is classified as stage IV disease, equivalent to distant metastatic disease, although the prognosis for patients with the former is perhaps slightly better. 96 Therapeutic nodal dissection provides adequate local control in most patients. Pulmonary metastasectomy may benefit certain patients, resulting in medium-to long-term survival for some patients (with few metastases appearing late after primary resection). 97, 98 Isolated limb perfusion is appropriate for some patients with advanced soft-tissue sarcoma of the limbs. Isolated limb perfusion delivers high regional doses of chemotherapeutic agents through an extracorporeal circuit. 99 Melphalan is most commonly used, and the addition of tumor necrosis factor a (licensed in Europe but not in the United States) may further improve results: limb salvage is reported to be possible in 80 percent of selected patients who receive perfusion who would otherwise have required amputation or functionally debilitating treatment. 99 Tumor necrosis factor a targets the tumor neovasculature, causing vasodilatation and increasing vascular permeability (increasing the penetration of melphalan into the tumor), followed by prompt shutdown of measurable metabolic activity in the tumor. 100 Surgery is the mainstay of treatment for soft-tissue sarcomas; radiotherapy is useful in selected cases. Conventional chemotherapy has little effect on the outcome of most tumors, but the availability of novel targeted agents may drastically improve the prognosis of some soft-tissue sarcomas, as has been demonstrated with imatinib in the case of gastrointestinal stromal tumors. Prompt diagnosis and referral are desirable, since the size of the tumor at presentation is a continuous variable for the risk of local recurrence and metastatic disease.
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